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Clinicopathological characteristics of patients
who underwent additional gastrectomy after
incomplete endoscopic resection for early gastric
cancer
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Abstract
To evaluate the clinicopathological characteristics and factors that lead to residual tumors in patients who underwent additional
gastrectomy for incomplete endoscopic resection (ER) for early gastric cancer (EGC).
Between 2003 and 2013, the medical records of patients underwent additional gastrectomy after incomplete ER were

retrospectively reviewed. Those diagnosed with the presence of histologic residual tumor in specimens obtained by gastrectomy
were assigned to the residual tumor (RT) group (n=47); those diagnosedwith the absence of histologic residual tumor were assigned
to the nonresidual tumor (NRT) group (n=33).
In the multivariate analysis, endoscopic piecemeal resection, Helicobacter pylori infection, large tumor size (>2cm), and both (lateral

and vertical)marginal involvementwere independent factors of thepresenceof residual tumor in additional gastrectomyafter incomplete
resection ER for EGC and the rates of independent factors were significantly higher in the RT group than in the NRT group (P<0.05).
Before ER, preexamination to accurately determine the GC invasion depth and the presence of LN metastasis is very important.

During ER, surgeons should attempt to perform en bloc resection and to resect themucousmembrane with adequate safety margins
to prevent tumor invasion into the lateral and vertical margins.

Abbreviations: CI = confidence interval, CT = computed tomography, EGC = early gastric cancer, EGD =
esophagogastroduodenoscopy, EMR = endoscopic mucosal resection, ER = endoscopic resection, ESD = endoscopic
submucosal dissection, EUS = endoscopic ultrasonography, GC = gastric cancer, LN = lymph node, MDCT = multidetector
computed tomography, OR = odds ratio.

Keywords: early gastric cancer, endoscopic mucosal resection, endoscopic resection, endoscopic submucosal dissection,
gastrectomy

1. Introduction increasing trend of EGC cases has been observed—EGC
Given that health and endoscopic examinations are now
commonly performed in clinical practice, the frequency of the
diagnosis of early gastric cancer (EGC) among all cases of gastric
cancer (GC) has increased. Similarly, in South Korea, an
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accounted for 28.6% and 32.8% of all GC cases in 1995 and
1999, respectively.[1] EGC has relatively favorable prognosis,
with a 5-year survival rate of≥90%after radical gastrectomy and
a relapse rate of �5%.[2,3] Hence, considering the patients’
postoperative quality of life, minimally invasive endoscopic
resection (ER) has been widely utilized for cases with EGC
localized to the mucous membranes.[4,5]

ER is aminimally invasive treatment thatwasfirst implemented in
1984 by Tada et al.[6] Since then, ER has been refined, and
endoscopic mucosal resection (EMR) and endoscopic submucosal
dissection (ESD) techniques have consequently been developed. The
indications for ER include depressed-type lesions without the risk of
lymph node (LN) metastasis, including those with well-differentia-
tion,butwithoutpolypoid lesions<2cmindiameterorulcers<1cm
indiameter localizedwithin themucousmembranes.[7] In particular,
the limitations of EMR include the increased need for piecemeal
resection, possibility of incomplete resection, and likelihood of
recurrence; therefore, ESD is being used more frequently. When
undergoingESD, a radical procedure canalsobeperformed since the
en bloc and complete resection rates are high, because the
submucosal layer is exfoliated under direct observation. In addition,
the recent introduction of the extended criteria allows for the
procedure tobeperformedoneven larger lesionswithout restrictions
on location.[8] However, the outcomes vary according to the
surgeon’s competence level and an increased incidence of
complications, such as bleeding or perforation, is noted. In addition
to the postoperative complications, residual lesions can also be
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present after ER due to incomplete resection; in such cases,
additional gastrectomy would be required.
Recent advancements in endoscopic ultrasonography (EUS)

and computed tomography (CT) have increased the accuracy of
preoperative LN metastasis diagnosis. Moreover, advancements
in endoscopic devices and accessories as well as improved ER
competencies have enabled surgeons to perform en bloc resection
for even larger lesions. Considering these findings, continuous
research is ongoing to expand these indications. However, thus
far, only a few studies have examined long-term post-ER follow-
up data, and the clinical characteristics of cases with incomplete
residual tumors remain unclear. In the present study, the
clinicopathological characteristics and factors that lead to
residual tumors in patients who underwent additional gastrecto-
my for incomplete ER for EGC were examined.

2. Methods

1.1. Patient selection

This study was conducted at Seoul National University Bundang
Hospital between January 2003 andDecember 2013. Themedical
records of patients underwent additional gastrectomy after
incompleteERwere retrospectively reviewed.The patients selected
for the studymet the following inclusion criteria: age over 18 years;
diagnosis of EGC by esophagogastroduodenoscopy (EGD);
underwent incomplete ER for EGC, and underwent additional
gastrectomy after incomplete ER. The exclusion criteria were as
follows: age below 18 years; previous endoscopic submucosal
dissection (ESD) or gastric surgery for GC; complete ER for EGC;
and underwent additional gastrectomy except incomplete ER.

1.2. Endoscopic resection

The ER methods included in this study consisted of EMR
(including the injection-and-cut technique, EMR with the cap
technique, and EMR by a snare after circumferential precutting
with a knife) and ESD. The details of ER have been described
previously.[9] Before ER, chromoendoscopy with indigo carmine
(0.2% solution) was performed routinely to define the horizontal
extent of tumor infiltration. Magnifying endoscopy with narrow-
band imaging was selectively performed for delineation of ill-
defined margin by chromoendoscopy.
The standard indication for ER was defined as the differentiated

histologic type, intramucosal cancer,which has a diameter no larger
than 2cm and no ulceration.[8] The expanded indications for ER
were defined as the differentiated histologic type, intramucosal
cancer without ulceration irrespective of lesion size; the differenti-
ated histologic type, intramucosal cancer with ulceration and lesion
no larger than 3cm in diameter; and the differentiated histologic
type with minute submucosal invasion (invasion <500mm below
themuscularismucosa) and lesionno larger than3cm indiameter.[4]

Complete resection was defined as en bloc resection with no
cancer cell exposure to any cut end and no lymphovascular
invasion.[10] Incomplete resection was defined as resection that
did not meet the complete resection criteria. En bloc resection was
defined as resection in a one-piece fashion with no residual tumor
viewed endoscopically.[11] When the lesion had to be removed in
multiple segments, the piecemeal resected specimens were
reconstructed as completely as possible.

1.3. Histopathologic evaluation

The histopathological diagnoses were based on the Japanese
Classification of Gastric Carcinoma.[11] Resected specimens were
2

systematically sectioned at 2mm intervals, centered on the part of
the lesion closest to the margin and the site of deepest invasion.
Lesions that remained within the mucosa were classified as
mucosal cancers, and those invading the submucosa as
submucosal cancers. The histologic differentiation was identified
using the World Health Organization criteria,[12] respectively.
The cancer location was determined with reference to the
Japanese Classification of Gastric Cancer.[13]
1.4. Study protocol

The enrolled patients were classified into 2 groups. Those diagnosed
with the presence of histologic residual tumor in specimens obtained
by gastrectomy were assigned to the residual tumor (RT) group;
those diagnosed with the absence of histologic residual tumor in
specimensobtainedbygastrectomywere assigned to thenonresidual
tumor (NRT) group. Data on demographics (age, gender, ER
method, surgery method, lymphadenectomy method), clinicopath-
ologic characteristics of EGC (location, size, macroscopic finding,
histologic diagnosis, histologic grade, histologic type, depth of
invasion, invasion of submucosa, marginal involvement, lymphatic
invasion, venous invasion, perineural invasion, atrophy of
surrounding mucosa, intestinal metaplasia, Helicobacter pylori
infection), the success or failure of endoscopic en bloc resection, the
total number of harvested LNs were recorded. The study protocol
was approved by the Ethics Committee of SeoulNational University
Bundang Hospital (IRB number: L-2014-1020).

1.5. Statistical analysis

The statistical analysis was performed using the Predictive
Analytics Software (PASW) 20.0 version for Windows package
(SPSS, Inc., IBM, Chicago, IL). The mean± standard deviations
of the quantitative variables were calculated. The Student t test
was used to evaluate the continuous variables, and the Chi-square
test and Fisher exact test were utilized to assess the noncontinu-
ous variables. Additionally, univariate and multivariate analyses
were conducted to evaluate the independent factors associated
with presence of residual tumor in additional gastrectomy after
incomplete resection ER for EGC. A P-value of less than 0.05 was
defined as having clinical significance.

2. Results

2.1. Comparison of the clinicopathologic characteristics of
RT and NRT group

A schematic diagram of the study is provided in Fig. 1. Between
2003and2013, 911patients diagnosedwithEGCwere underwent
ER (EMR/ESD). Of those, 91 patients underwent additional
gastrectomy after ER. Of the 91 patients, 11 were excluded from
the study because of tumor recurrence (7 patients), bleeding (2
patients), perforation (1 patients), and metachronous (1 patient).
Among them, a total 80 patients underwent additional gastrecto-
mybecause of incompleteER.Of those, 47patientswhodiagnosed
with the presence of histologic residual tumor in specimens
obtained by additional gastrectomy were assigned to the residual
tumor (RT) group, 33 patients who diagnosed with the absence of
histologic residual tumor in specimens obtained by additional
gastrectomywere assigned to the nonresidual tumor (NRT) group.
The enrolled patients’baseline demographic and clinical character-
istics are provided inTable 1. The average ages of the RTandNRT
groups were 67.0±10.7 and 67.8±10.1 years (P=0.727),
respectively. The rates of ESD was significantly higher in the



Endoscopic resection (EMR/ESD) for EGC
(n = 911)

Additional gastrectomy after endoscopic resection
(n = 91)

Incomplete endoscopic resection
(n = 80)

Exclusion criteria (n = 11)   

Recurrence (n = 7) 
Bleeding (n = 2) 

Perforation (n = 1)
Metachronous tumor (n = 1)

Non-residual tumor (NRT) group
(n = 33)

Residual tumor (RT) group 
(n = 47)

Figure 1. A schematic diagram of the study. EGD=early gastric cancer, EMR=endoscopic mucosal resection, ESD=endoscopic submucosal dissection.
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NRT group than in the RT group (63.6% vs 31.9%, P=0.005).
The H pylori infection rates was significantly higher in the RT
group than in the NRT group (42.6% vs 18.2%, P=0.021). The
rates of mixed macroscopic finding was significantly higher in the
RTgroup than in theNRTgroup (23.4%vs 9.1%,P=0.041). The
rate of tumor size over 2cm was significantly higher in the RT
group than in the NRT group (44.7% vs 27.2%, P<0.001). The
rates of endoscopic en bloc resection was significantly lower in the
RT group than in the NRT group (61.7% vs 84.8%, P=0.024).
The rates of submucosal invasionwas significantly higher in theRT
group than in the NRT group (76.5% vs 24.2%, P=0.008). The
rates of both (lateral and vertical) margin involvement was
significantly higher in theRTgroup than in theNRTgroup (59.5%
vs 15.1%, P=0.027). There were no statistical differences in the
gender distribution, atrophy of surrounding mucosa, intestinal
metaplasia, tumor location, histology, lymphatic invasion, venous
invasion, perineural invasion, surgerymethod, lymphadenectomy,
and total number of harvested LNs between the 2 groups (Table 1).

2.2. Clinical factors influencing the presence of residual
tumor

To evaluate the clinical factors influencing the presence of
residual tumor in additional gastrectomy after incomplete
resection ER for EGC, univariate analyses were performed,
which are listed in Table 1. H pylori infection, mixed
macroscopic finding, large tumor size (>2cm), endoscopic
piecemeal resection, submucosal invasion, and both (lateral
and vertical) marginal involvement were associated with the
presence of residual tumor in additional gastrectomy after
incomplete resection ER for EGC (P<0.05). The multivariate
analysis revealed that endoscopic piecemeal resection (odds ratio
[OR]: 5.02, 95% confidence interval [CI]: 3.78–6.24, P=0.048),
H pylori infection (OR: 1.89, 95% CI: 1.36–2.42, P=0.041),
large tumor size (>2cm, OR: 2.96, 95% CI: 2.37–3.55, P=
0.022), and both (lateral and vertical) marginal involvement
3

(OR: 4.96, 95% CI: 4.13–5.79, P=0.011) were independent
factors, predictive of the presence of residual tumor in additional
gastrectomy after incomplete resection ER for EGC (Table 2).
2.3. Comparison of the rates of endoscopic resection and
margin involvement between RT and NRT group according
to ER method

Table 3 shows the comparison of the rates of ER and margin
involvement between RT and NRT group according to ER
method. The rates of en bloc resection in the patients with ESD
method were significantly higher than that in the patients with
EMR method in the both (RT and NRT) groups (86.7% vs
50.0%, 58.3% vs 100.0%, P<0.05). The rates of margin
involvement in the patients with ESD method were significantly
lower than that in the patients with EMRmethod in the both (RT
and NRT) groups (P<0.05, Table 3).
2.4. Relationship between positive margins, depth of
invasion with residual tumors and lymph node metastasis

Table 4 shows the relationship between positive margins, depth
of invasion with residual tumors and LN metastasis. The rate of
residual tumor was 35.4% (11/31) in the positive lateral margin,
50.0% (8/16) in the positive vertical margin, and 84.8% (28/33)
in the positive lateral and vertical margin. There was 1 case with
LN metastasis in the positive lateral margin and 5 cases in the
positive lateral and vertical margin (Table 5). The rate of residual
tumor was 30.5% (11/36) in the mucosal invasion and 81.8%
(36/44) in the submucosal invasion. All cases with LN metastasis
were submucosal tumor (Table 4).
2.5. Cases of lymph node metastasis

Table 5 shows the characteristics of 6 patients with LN
metastasis. There were 6 cases of LN metastasis. The sizes of
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Table 1

Clinicopathologic characteristics and univariate analysis of the risk factors associatedwith presence of residual tumor of the patientswho
underwent additional gastrectomy after incomplete resection ER for early gastric cancer.

RT group (n=47) NRT group (n=33) P
∗
P

Mean age±SD, y 67.0±10.7 67.8±10.1 0.727 0.716
Gender (male), n (%) 35 (74.5) 21 (63.6) 0.298 0.294
ER method, n (%) 0.005 0.011
EMR 32 (68.1) 12 (36.4)
ESD 15 (31.9) 21 (63.6)

H pylori infection, n (%) 20 (42.6) 6 (18.2) 0.021 0.019
Atrophy of surrounding mucosa 0.733 0.694
Nonmild, n (%) 37 (78.7) 27 (81.8)
Moderate–severe, n (%) 10 (21.3) 6 (18.2)

Intestinal metaplasia 0.858 0.811
Nonmild, n (%) 28 (59.6) 19 (57.6)
Moderate–severe, n (%) 19 (40.4) 14 (42.4)

Location, n (%) 0.125 0.116
Upper 18 (38.3) 4 (12.1)
Middle 16 (34.0) 12 (36.4)
Lower 13 (27.7) 17 (51.5)

Macroscopic finding, n (%) 0.041 0.039
Elevated 20 (42.6) 19 (57.6)
Flat 1 (2.1) 1 (3.0)
Depressed 15 (31.9) 10 (30.3)
Mixed 11 (23.4) 3 (9.1%)

Median size±SD, mm 19.3±12.2 22.7±15.2 0.321 0.334
Tumor size, n (%) < 0.001 0.002
�2cm 26 (55.3%) 24 (72.8%)
>2cm 21 (44.7%) 9 (27.2)

Endoscopic resection, n (%) 0.024 0.021
En bloc resection 29 (61.7) 28 (84.8)
Piecemeal resection 18 (38.3) 5 (15.2)

Histology, n (%) 0.127 0.131
Well-differentiated 26 (55.5) 23 (69.6)
Moderate-differentiated 17 (36.1) 10 (30.4)
Poor-differentiated 1 (2.1) 0 (0.0)
Signet ring cell carcinoma 3 (6.3) 0 (0.0)

Depth of invasion, n (%) 0.008 0.006
Mucosa 11 (23.5) 25 (75.8)
Submucosa 36 (76.5) 8 (24.2)

Margin involvement, n (%) 0.027 0.018
Lateral 11 (23.4) 20 (60.6)
Vertical 8 (17.1) 8 (24.4)
Lateral and vertical 28 (59.5) 5 (15.1)

Lymphatic invasion, n (%) 6 (12.8%) 0 (0.0%) ns ns
Venous invasion, n (%) 0 (0.0%) 0 (0.0%) ns ns
Perineural invasion, n (%) 0 (0.0%) 0 (0.0%) ns ns
Surgery method, n (%) 0.157 0.163
RSG-BI 19 (40.4) 21 (63.6)
RSG-BII 16 (34.0) 9 (27.3)
Total gastrectomy 7 (14.9) 2 (6.1)
Proximal gastrectomy 5 (10.6) 1 (3.0)

Lymphadenectomy, n (%) 0.081 0.084
D1+a 14 (29.8) 3 (9.1)
D1+b 21 (44.7) 20 (60.6)
D2 12 (25.5) 10 (30.3)

Total number of harvested LNs±SD 44.1±23.6 44.1±15.5 0.114 0.117

BI=Billroth-I, BII=Billroth-II, EMR= endoscopic mucosal resection, EMR= endoscopic mucosal resection, ER= endoscopic resection, ESD= endoscopic submucosal dissection, H pylori=Helicobacter pylori,
LN= lymph node, NRT=nonresidual tumor, mixed: over 2 of elevated, flat and depressed, ns=nonspecific, RSG= radical subtotal gastrectomy, RT= residual tumor, SD= standard deviation.
∗
P-value: univariate analysis.
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tumors were over 2cm in all cases. The histological diagnosis
were moderately differentiated for Case 1, 3, 4, and 6, and poorly
differentiated in Case 2 and 5. The depths of invasion were
submucosal invasion in all cases. The number of LN metastasis
were 1, 1, 2, 2, 7, and 12. Case 1 and 5 had perineural invasions
and Case 6 had venous invasions (Table 5).
4

3. Discussion
Due to advancements in endoscopic technology, the use of ER
procedures in the treatment of EGC is increasing. ER was first
performed for the treatment of EGC in Japan in the late 1980s[14]

and has advanced substantially since then. In Japan, EMR is
performed in approximately 50% of the patients with EGC,[15]



Table 4

Relationship between positive margins, depth of invasion with
residual tumors and lymph node metastasis.

Group Number
(n=80)

Residual
tumor (n=47)

LN metastasis
(n=6)

LM 31 11 1
VM 16 8 0
LM+VM 33 28 5
Mucosa 36 11 0
Submucosa 44 36 6

LM= lateral margin, LN= lymph node, VM= vertical margin.

Table 2

Multivariate analysis of the risk factors associated with presence
of residual tumor in additional gastrectomy after incomplete
resection ER for early gastric cancer.

Odds ratio 95% CI P

Endoscopic piecemeal
resection

5.02 3.78–6.24 0.048

H pylori infection 1.89 1.36–2.42 0.041
Tumor size (>2cm) 2.96 2.37–3.55 0.022
Margin involvement

(lateral and vertical)
4.96 4.13–5.79 0.011

CI= confidence interval, ER= endoscopic resection, H pylori=Helicobacter pylori.
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and its use is increasing in South Korea as well. An ESD method
that involves direct exfoliation of the submucosal areas with a
knife was introduced to allow for en bloc resection of larger
lesions.[8,16] The en bloc and complete resection rates of ESD are
reportedly both 92.8%, which is higher than those of EMR
(43.4% and 24.6%, respectively).[8] However, the disadvantages
of this ESD method include the high incidence of complications
and change in the outcomes according to the surgical techniques
employed and the surgeon’s competence level; furthermore, in
ESD, additional gastrectomy may be required in cases with
incomplete resection. Therefore, to reduce the frequency of
additional gastrectomy after ER, studies on the clinicopathologi-
cal characteristics and factors that lead to residual tumors in
patients who undergo additional gastrectomy due to incomplete
ER for EGC are needed.
Korenaga et al[17] examined 11 patients who underwent

additional gastrectomy after incomplete EMR, and stated that the
possibility of residual tumor was high when the cases involved a
submucosal tumor or tumor invasions in the resection margin.
Moreover, Nagano et al[18] reported that the risk of residual
tumor was high and the risk of LN metastasis was present after
EMR in cases with submucosal tumors or tumor invasions in the
vertical margin; these cases would require radical resection and
lymphadenectomy. In contrast, among cases where the lesions
were limited to the mucous membranes and tumor invasion was
limited to the lateral margin only, the residual tumor was found
only in 5.8% (18/309) of cases, without any LNmetastasis; these
cases would require close follow-up and additional endoscopic
treatments. In the present study, the frequency of additional
gastrectomy due to incomplete resection after ER for EGC was
8.7% (80/911), and 58.7% (47/80) of those patients had residual
tumors, similar to the results of Korenaga et al.[17] As in previous
studies, the present study showed a distinctively high possibility
of residual tumors in patients with submucosal tumors or tumor
Table 3

Comparison of the rates of endoscopic resection and margin involve

RT group (n=47)

EMR (n=32) ESD (n=15)

Endoscopic resection, n (%)
En bloc resection 16 (50.0) 13 (86.7)
Piecemeal resection 16 (50.0) 2 (13.3)

Margin involvement, n (%)
Lateral 7 (21.8) 4 (26.6)
Vertical 6 (18.7) 2 (13.3)
Lateral and vertical 19 (59.5) 9 (60.1)

EMR= endoscopic mucosal resection, ER= endoscopic resection, ESD= endoscopic submucosal dissec
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invasion to the resection margin, particularly among cases with
invasion to both lateral and vertical margins. Since ER used a
coagulating device to resect the tissues, the resection surface was
damaged by electricity, which prevented accurate judgments;
moreover, when the invasions occurred in both margins, instead
of just the lateral or vertical margin, the possibility of residual
tumors was higher as the residual tumors would be deeper and
wider.
In the present study, one factor associated with the risk of

residual tumor was the implementation of an en bloc resection.
This finding is believed to be associated with the implementation
of piecemeal resections for lesions wherein complete histological
evaluation was impossible, reconstruction of tissues that
underwent piecemeal resection was difficult, and various
resection surfaces were damaged by electricity—all these factors
make accurate determinations difficult. Song et al[19] reported
that piecemeal resection during EMR led to either residual GC
tissue or tumor recurrence, whereas Ono et al[20] stated that the
implementation of piecemeal resection was the most important
factor in recurrence after EMR. Recent studies reported that the
emergence of ESD, which is more advanced than EMR, has made
en bloc resection easier, which can consequently reduce
recurrence. Moreover, when ESD is used, en bloc resection
makes it easier to evaluate the resection completeness, and thus
reduce recurrence.[8,21] In our study, the ESD method showed
higher rates of en bloc resection and lower rates of margin
involvement than the EMR method as previous studies.[19,20]

Therefore, to reduce the possibility of residual tumors, the
implementation of en bloc resection, whenever possible, is
believed to be important.
Ohnita et al[22] indicated that when lesions are >3cm in

diameter or located in the upper portion of the stomach with
ulcers, precautions should be taken during ESD with respect to
preventing perforation and ensuring complete treatment. In the
present study, in cases with tumors >2cm in size or with mixed
ment between RT and NRT group according to ER method.

NRT group (n=33)

P EMR (n=12) ESD (n=21) P

0.016 0.001
7 (58.3) 21 (100.0)
5 (41.7) 0 (0.0)

0.046 0.001
3 (25.0) 17 (80.9)
4 (33.3) 4 (19.1)
5 (41.7) 0 (0.0)

tion, NRT=nonresidual tumor, RT= residual tumor.
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[32]

Table 5

Details of 6 patients with LN metastasis.

Size, cm Histology Depth of invasion Number of LN Lymphatic invasion Venous invasion Perineural invasion

Case 1 2.7 MD SM 1/58 + � +
Case 2 2.4 PD SM 1/34 + � �
Case 3 2.9 MD SM 2/85 + � �
Case 4 2.6 MD SM 2/129 + � �
Case 5 2.8 PD SM 7/41 + � +
Case 6 2.1 MD SM 12/35 + + �
LN= lymph node, MD=moderate-differentiated, PD=poor-differentiated, SM= submucosa.
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macroscopic findings that were impossible to visually differenti-
ate via endoscopy, the possibility of residual tumors was high.
One of the reasons for this finding may be associated with the
difficulties in defining the resection boundaries, considering that
ER boundaries would increase with increase in lesion size, and
may also be related to the difficulties in verifying the clear-cut
boundaries when mixed macroscopic findings are observed on
endoscopy.
In the present study, the patients with residual tumors showed

a high H pylori infection rate. H pylori infection is a known risk
factor of GC development,[23,24] and many studies reported that
it is associated with atrophic changes in mucosa and intestinal
metaplasia, which are indicative of gastric carcinogenesis.[25–27]

When a H pylori infection is present, the possibility of
accompanying atrophic changes in the mucosa and intestinal
metaplasia is high in lesions and surrounding tissues; these factors
reportedly cause difficulties in the accurate confirmation of
lesions and the determination of resection areas, along with
increased difficulty performing ER. Therefore, during the
endoscopic diagnosis of EGC, the presence of H pylori infection
must be tested; if H pylori infection is detected, eradication
therapy might be performed to lower the possibility of residual
tumor.
The frequency of LN metastasis in EGC with confirmed

submucosal layer invasion is known to be 20%.[28] According to
Shimada et al,[29] the frequency of LN metastasis in lesions
accompanied by submucosal layer invasion was 19.8%.
Ishikawa et al[30] reported an association between the tumor
depth of the wall invasion and LN metastasis; of 15 cases of
differentiated EGC without ulcers accompanied by submucosal
layer invasion <500mm in depth, LN metastasis was confirmed
in 2 (13%). In contrast, Gotoda et al[4] reported no risk of LN
metastasis in cases with differentiated adenocarcinoma, lesions
<3cm in size, no lymphatic vessels or vascular invasion, and
submucosal tumor invasion depth of<500mm. All the cases with
LNmetastases observed in the present study (13.6% [6/44]) had a
lesion size of <3cm and were confirmed to have submucosal
tumors, which was similar to the results reported by Ishikawa et
al.[30] Moreover, of the 6 cases with confirmed LN metastasis, 5
(83.3%) showed both lateral and vertical margin invasion.
Therefore, as the risk of LN metastasis is high in cases with deep
invasion after ER or in cases with both lateral and vertical margin
invasions on post-ER pathological examination, additional
gastrectomy should be considered in such cases.
Before treatment, elucidation of the tumor invasion depth and

confirmation of LN metastasis are important to determine the
appropriate therapeutic method for GC. Tsendsuren et al[31]

reported that during the preoperative diagnosis of GC stage via
EUS, the accuracies of T1, T2, T3, and T4 staging were 68.3%,
93.3%, 60%, and 100%, respectively, whereas the diagnostic
6

accuracy for LNmetastasis was 66%. Chen et al also reported
that, by using EUS, the T-stage had a diagnostic accuracy of 88%
and the N-stage had accuracy, sensitivity, and specificity of 79%,
79%, and 80%, respectively. Moreover, some reports indicated
that the diagnostic accuracy of multidetector computed tomog-
raphy (MDCT) for LN metastasis ranges from 78% to
86%.[33,34] Furthermore, when ER is performed as a treatment
for GC, the pathological findings from the resected tissues during
ER are very important to determine whether additional
gastrectomy is needed.
The present study had a limitation. Since it was a retrospective

study based on patients’ medical records, the prognoses of the
patients who underwent additional gastrectomy after ER were
not investigated.
Thepresent study investigated the clinicopathological character-

istics and factors that lead to residual tumors in patients who
underwent additional gastrectomy for incomplete ER for EGC.
The possibility of residual tumor and the need for additional
gastrectomy were high in cases wherein piecemeal resection was
performedduringER, lesionswere>2cm in size,Hpylori infection
was present, or tumor invasions developed at both the lateral and
vertical margins. Moreover, the prevalence of LN metastasis was
high in cases with submucosal invasion and tumor invasions to
both the lateral and vertical margins. The ESD method showed
higher rates of en bloc resection and lower rates of margin
involvement than the EMR method. Therefore, when EGC is
observed, a thorough endoscopic examination alongwith EUS and
MDCT should be used to accurately determine the GC invasion
depth and the presence of LN metastasis. Based on these findings,
the appropriate treatment should be chosen. In cases of H pylori
infection, eradication treatmentmight be administered.Moreover,
surgeons should attempt to perform en bloc resection when
performing ER and attempt to resect the mucous membrane with
adequate safety margins to prevent tumor invasion into the lateral
and vertical margins. The ESD method is more effective and has
higher rates of en bloc resection and lower rates of margin
involvement than the EMRmethod as an endoscopic treatment for
the complete resection to prevent tumor invasion into the lateral
and verticalmargins. Furthermore, effort should bemade to ensure
timely and accurate decisions about whether additional gastrecto-
my is needed using the pathological findings of the resected tissues
after ER, to ensure that there is no delay in surgery.
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